A number of recent papers point to the importance of distinguishing between the price reaction to micro and macro shocks. We emphasize instead the importance of distinguishing between global and local shocks. We exploit a panel of 276 micro price levels collected on a semi-annual frequency from 1990 to 2010 in 59 countries around the world, that enables us to distinguish between di¤ erent types (local and global) of micro and macro shocks. We …nd that global shocks are associated with a slower response of prices than local shocks. This new fact can be explained by a price-setting model with staggered pricing and strategic complementarity (substitutability) in pricing for …rms across (within) countries arising from the international segmentation of labor markets.
Introduction
How fast do prices adjust to changes in economic conditions? The answer is crucial in assessing the real e¤ects of nominal shocks, for instance. The literature provides con ‡icting answers: whereas aggregate price indices have been found to be very persistent, more recent work starting with Bils and Klenow (2004) showed that individual prices adjust frequently. The implication that monetary policy might as a result be less e¤ective than originally thought has been challenged more recently.
Several studies (e.g. Boivin et al. 2009 ) attempt to resolve this micro-macro puzzle while retaining the importance of monetary policy by distinguishing between the (sluggish) response of individual prices to macroeconomic shocks common to every sector or product, and their (rapid) response to microeconomic shocks speci…c to a sector or product. Our paper emphasizes the distinction between global shocks common to every location worldwide, and local shocks speci…c to a location. We show that this distinction is much more striking and no less informative for price-setting models, than the macro-micro split considered in previous work.
For both macro and micro shocks alike, local components are associated with much less persistence than global ones. 1 The slow speed of price adjustment to international macro shocks, such as global (US) monetary policy ones, is particularly striking. In order to close the global-local gap we observe, price-setting theory models would need to include some mechanism that leads to a su¢ ciently high degree of aggregate price rigidity in response to global shocks, and that can generate di¤erent price responses to global versus local shocks.
Our analysis relies on a panel of 276 micro price levels collected from 1990 to 2010 at a semi-annual frequency across 88 cities in 59 countries across the world. This dataset is non-standard and was especially compiled for us by the Economist Intelligence Unit (EIU) at a semiannual frequency for the complete untypically large sample of international locations. 2 The March and September dates for gathering these semi-annual data are speci…cally designed to avoid standard sales seasons. In addition, EIU correspondents are speci…cally instructed to take regular retail prices and not to take sale prices. 3 1 Considering only one type of micro or macro shock would thus typically lead to misleading inferences about the persistence of local macroeconomic shocks in micro prices. 2 The standard EIU city prices edition typically used in the LOP deviations literature, e.g. Crucini and Shintani (2008) or Zachariadis (2012) , is at the annual frequency, while the non-standard semi-annual EIU city prices data used in Bergin et al. (forthcoming) ending in 2007, contains 21 cities in 21 industrial countries. 3 That our price data are not as prone to include temporary price changes is important, as Nakamura and Steinsson (2008) show that temporary price changes bias results towards …nding more rapid price adjustment. The implication that, as a result of frequent price adjustment, monetary policy might be less e¤ective than originally thought has thus been challenged by the latter paper who attributes the Bils and Klenow (2004) …nding to temporary sales-induced price reductions, and by Kehoe and Midrigan (2010) who allow for temporary sales in their model to propose that the aggregate price level is sticky and monetary policy e¤ective even as micro prices change frequently. Our dataset The three dimensions of our panel-time, location and individual product-allow us to decompose price dynamics for each product in a given location at a given date into four di¤erent components:
(1) a global macro component common to every good in every location, capturing for example oil price or global liquidity shocks; (2) a local macro component speci…c to a location and common to every good, related for example to monetary or other domestic policies; (3) a global micro component speci…c to a good and common to every location, related for instance to technology shocks speci…c to a product but common across the globe; and (4) a local micro or idiosyncratic component speci…c to a good and a location, capturing for instance the idiosyncrasy of economic conditions such as weather in a certain location. We estimate the responses of prices to shocks in each component.
While ignoring the global-local distinction our data then implies that (similar to past research on the micro-macro gap relying solely on US data 4 ) macro shocks are more persistent than micro ones, decomposing macro and micro shocks into their global and local components reveals a di¤erent more precise picture. Local micro shocks are the most rapidly corrected ones, followed by local macro shocks and global micro shocks, 5 with adjustment to the global macro shock being the slowest.
This decomposition of macro and micro shocks into …ner categories provides new facts for pricesetting models to rationalize. Our results con…rm that prices react di¤erently to di¤erent types of shocks, but stress that sorting shocks by geographic distance (global vs local) leads to more striking di¤erences than sorting shocks by mere economic distance (macro vs micro).
To assess whether di¤erences in the persistence of the global and local components documented above stem from di¤erences in the response of prices to the various shocks underlying them or from di¤erences in the nature of these underlying shocks, we identify the response of prices to unpredictable global and local structural monetary shocks using SVAR methods. We show that di¤erences in the persistence of price components documented here are related to prices reacting di¤erently to global versus local structural shocks.
In light of the importance of the global or international dimension, it would be useful to have pricesetting models that can rationalize di¤erences in the speed of price adjustment to international versus domestic shocks. These models would need to explain why these di¤erences are more striking when shocks are classi…ed with respect to geographic distance (global vs local) rather than mere is speci…cally designed to avoid sales so that our …ndings regarding the speed of price adjustment relate to standard rather than sale prices, and are not exposed to this critique. 4 See for instance Boivin et al. (2009) and Mackowiak et al. (2009) . 5 The latter three components of prices are mean-reverting on average, but this does not apply to all relative prices for all goods or locations. Some of these relative prices are instead characterized by a speci…c stochastic trend. The absence of a stochastic trend on average, validates the theoretical assumption by Golosov & Lucas (2007) that goods relative prices within a location have no speci…c trend, ensuring that their time variance is bounded. economic distance (macro vs micro). 6 They should also be able to generate a su¢ ciently high degree of aggregate price rigidity in response to international shocks, in line with the slow response of prices to such shocks we …nd.
We illustrate that one can rationalize these facts in a model relying on labor market segmentation arguments in the spirit of Woodford (2003) , Benigno (2004) , and Carvalho and Lee (2011) , from which works we borrow an extensive number of features to synthesize a model consistent with our main …ndings. The latter paper allows for labor market segmentation across sectors within a country to explain the micro-macro gap in price dynamics in an otherwise standard New Keynesian model with Calvo pricing. In our setting, we explain the global-local gap by allowing for labor market segmentation across countries. Since labor market segmentation across countries is plausibly no lower than across sectors within a country, there is no loss of realism in reinterpreting the Carvalho and Lee (2011) model in this manner. 7 In fact, international labor market segmentation plausibly being larger than within country segmentation could explain why di¤erences are more striking when shocks are classi…ed with respect to geographic distance (global vs local) rather than mere economic distance (macro vs micro).
Introducing a real rigidity in the form of labor market segmentation across space in a basic price staggering model leads to pricing decisions for …rms in di¤erent countries being strategic complements associated with slower price adjustment. By contrast, pricing decisions within a country for …rms that share a common labor market will be strategic substitutes associated with faster price adjustment. As Woodford (2003) points out, the assumption of a common labor market is key in obtaining a high degree of strategic substitutability in pricing decisions and fast price adjustment as a consequence.
The speci…cs of our model include a …nite number of countries. There is an equal number of households in each country that specialize in the supply of only one type of labor in the country they reside in. They have access to complete …nancial markets that allow for perfect risk sharing so that there is full consumption insurance for households across countries, with …rm pro…ts redistributed lump-sum to households. Labor markets are segmented so that a worker residing in one country cannot supply labor in another location. We assume that in each country there is a continuum of …rms with each …rm producing a di¤erentiated good. There is a single perfectly integrated goods market so that prices are equalized across locations. Firms are subject to (demand) shocks that are speci…c to the country they produce in and to global shocks that a¤ect …rms in all countries. As we illustrate, general equilibrium e¤ects and labor market segmentation implies that these shocks a¤ect the marginal cost, hence the price adjustment, of a …rm di¤erently.
Because a local shock, unlike a global shock, a¤ects prices speci…cally in that country, within country substitutability works to speed up the price response of …rms to such shocks as compared to global shocks. Because a global shock, say a positive global monetary shock, a¤ects the global price level, across country complementarity in …rms pricing decisions along with price staggering will combine to give rise to a sluggish response of country-speci…c prices in response to such a shock as higher prices for …rms in other countries would reduce the relative price and thus increase demand and the cost of the country-speci…c input for that country. Price staggering is an essential feature here, since if pricing decisions of …rms across countries are strategic complements, the fact that …rms in some countries have not yet adjusted prices in response to a global shock leads to a smaller change in the prices of those …rms that do adjust in that period as compared to the case of price synchronization, and this in turn restrains the adjustment in a later period of the prices that were sticky in the earlier period. If there are strong strategic complementarities as shown by Woodford (2003, p. 172) to be implied by our assumption of labor market segmentation across countries, this process can then create a form of price persistence that allows for prolonged e¤ects of, say, a global monetary shock on economic activity across the globe.
Next, we describe the data and undertake preliminary analysis of these. We then present our statistical model. Following that, we discuss our results and relate them to the existing literature, and then proceed to rationalize these in a price setting model that incorporates a real rigidity. The …nal section concludes.
Data and preliminary analysis 2.1 Description and reliability
The main source of data utilized in our application comes from the Economist Intelligence Unit (EIU). EIU prices were provided to us for 327 items in 140 cities in 90 countries twice a year, where available, from 1990 to 2010. We were able to utilize data that cover 59 countries and 276 goods over the 1990S1-2010S1 period, for all Tables of results shown hereafter. The semiannual (March and September) prices were especially compiled for us by the EIU upon request, as the standard historical data in the EIU "cityprices" publication contains prices gathered only once a year, every September. In the data appendix, we undertake a detailed description of how these prices are collected and put together, meant to help the reader understand the potential advantages and disadvantages of using this dataset to study international prices and to assist future users in appropriately handling these data. Although subsamples of these data have been used previously as described below, the information provided in the data appendix is largely new.
For example, the data appendix sub-section on "Sampling, seasonality, and sales", describes how the March and September dates for gathering data were speci…cally designed to avoid standard sales seasons, like traditional sales in December, January, May and June which take place in many countries, and that furthermore, correspondents are instructed not to take sale prices but to take standard recommended retail prices. This is an important dimension over which this dataset has an advantage over other price datasets ridden with sale prices that tend to bias estimates towards faster speeds of adjustment while being less suited to assessing the e¤ectiveness of monetary policy. 8 Moreover, our data has relatively low (semi-annual) frequency and again should not be dominated by high-frequency changes over the year. 9 These sampling facts suggest that our price data are not as prone to include temporary price changes, shown by Nakamura and Steinsson (2008) to lead to upward bias in speed of price adjustment estimates. As compared to the above papers, we have access to semiannual prices for 1990 to 2010 for the 8 For example, De Graeve and Walentin (2011) use an approach that handles sale prices in the Boivin et al. (2009) data and …nd micro shocks that are more persistent than in the earlier paper. 9 As pointed out by Kehoe and Midrigan (2010) , what matters for how the aggregate price level responds to lowfrequency changes in monetary policy is the degree of low-frequency micro price stickiness rather than high frequency variation associated with temporary price changes. In their setting, there are two reasons that the aggregate price level is sticky even though micro prices change frequently. First, temporary price changes are highly clustered in time so that they are less able to o¤set persistent changes in monetary policy i.e. a …rm that changes its prices four times in a single month is less able to respond to persistent money supply changes than a …rm that spreads these four changes over a year. Second, when a …rm changes its price temporarily it can react to changes in monetary policy but these responses are short-lived, and as soon as the price returns to the old one it no longer re ‡ects the monetary policy change. great majority of locations. Restricting the sample to goods and locations always present during this period, we end up with price levels for 276 goods and services across 88 cities in 59 countries. Table 1 provides a complete list of goods and locations (cities and countries) present in our sample.
It also provides a classi…cation between less developed countries (LDC) with income per capita less than $12,000 and more developed countries (DEV) in our sample, 10 and a classi…cation of goods between traded (TR) and non-traded (NT). We note that there is a much lower number of NT items available as compared to TR products and a lower number of LDC locations. Most traded goods prices are observed in two types of stores, so that we end up with two price observations per date and location for 100 goods. In Table 1 , we also report the type of store (supermarkets, chains, and mid-price or brand stores) each good was sampled in.
For some of our results, we focus on a restricted sample of 49 countries, excluding EMU countries other than Germany, to address the fact that EMU countries do not undertake independent monetary policy so that local macro shocks would not be as related to monetary policy if these were included. Similarly, we have restricted our main analysis to countries rather than cities since the latter cannot undertake independent monetary policy. However, we also consider a more complete sample of 59 countries including EMU ones, as well as a city-level analysis for 88 cities in these 59 country sample.
All prices are converted in a common currency, the US dollar, using exchange rate data assembled by the EIU to match the sampling periods of the city price levels data. We also used the US dollar exchange rates to reconstruct exchange rate data for the British Pound and Yen relative to the national currencies of the locations in the sample, in order to consider the robustness of the results to the numeraire currency. We obtained PPP-adjusted real GDP per worker from the Penn World Tables (up to 2007 ) and country-level population from the World Development Indicators.
Descriptive statistics
Summary statistics regarding the EIU price data are presented in Table 2 . The data summarized here cover 88 cities in 59 countries and 276 goods over the 1990S1-2010S1 period. More speci…cally, we provide the mean and other characteristics of the cross-sectional distribution across products and locations in our sample for the average in ‡ation rates over the period, for the standard deviation of in ‡ation rates over the period and for the degree of persistence characterizing these in ‡ation rates. …tted to each goods-location speci…c in ‡ation rate series.
The average rate of in ‡ation (per semester) in these data is 0:014, with fairly large heterogeneity across goods and locations as in ‡ation rates range from negative values to values above 0:045, with a cross-sectional standard deviation of 0:024. The average standard deviation characterizing these in ‡ation rates over time is 0:18, with a standard deviation of 0:15 across goods and locations.
Finally, the average value for persistence of these in ‡ation rates over the period is rather low, at 0:13, but again this exhibits large heterogeneity across goods and locations in our sample, with values ranging from 0:89 for the 5th percentile to 0:45 for the 95th percentile, and a cross-sectional standard deviation of 0:42.
For illustration and comparison with some related works, we provide a focus of the descriptive statistics for the US. The average in ‡ation rate over the period was 0:013 per semester with a standard deviation of 0:06 over the time period. The volatility of the average in ‡ation is strikingly lower than the cross country average, in line with the Great Moderation episode experienced over this period of time. Finally, average persistence across the di¤erent products in our sample is 0:28 for the US, distinctly higher than the cross-sectional average. Overall, average in ‡ation is less volatile and more persistent in the US compared with the average across countries.
A statistical model of goods prices in di¤erent locations
We …rst present the statistical model we use to decompose the dynamics of prices into the di¤erent components and discuss this framework in comparison to related studies. We then turn to the estimation method. Finally, we also discuss the potential in ‡uence of choosing a particular reference currency on estimation results.
Speci…cation
Let p ilt be the common currency (log) price of product item i in location l at date t. We consider a decomposition of international price in ‡ation rates, ilt = p ilt p ilt 1 into four components: a global macroeconomic one GA ilt , a local macroeconomic one LA ilt , a global microeconomic one GI ilt , and a local microeconomic one LI ilt so that:
By comparison, the related studies of Boivin et al. (2009) The global macroeconomic component of the in ‡ation rate of good i in location l, GA ilt , is driven by an unobserved component u t a¤ecting every price in every location which is assumed to follow an autoregressive process. Speci…cally we have:
Typical examples of such global macro factors would be oil prices or global liquidity shocks associated with worldwide money supply. These shocks can have di¤erent impact on prices depending on marginal cost or markup determinants. Such heterogeneity in price reactions is captured by the heterogeneity in the parameter il .
Likewise, the local macroeconomic component of good i in ‡ation rate in location l, LA ilt , is a¤ected by an unobserved component v lt a¤ecting every price in a given location which is assumed to follow an autoregressive process, namely:
Typical examples of such local macro component are monetary or …scal policies. An aggregate demand shock speci…c to a location can induce di¤erent reactions in the prices of di¤erent goods, according to markup determinants such as demand elasticities or the cost of updating prices that are speci…c to a given product. We allow for such heterogeneous reaction of prices by allowing for heterogeneity in the parameter il .
In comparison, the global microeconomic component of good i in ‡ation rate in location l, GI ilt , is in ‡uenced by an unobserved component w it a¤ecting a given good in every location which is also assumed to follow an autoregressive process, so that:
A natural example of such a global microeconomic determinant of prices would be a technological innovation speci…c to a given product. Such innovations can have di¤erent impact on prices depending on the location in which the product is sold, typically due to the distance to the technology frontier of the speci…c location considered. Such potential di¤erences are captured in the heterogeneity of the parameters il . 1 1 We could also have considered the intermediate level of regional-speci…c components, made of geographical subgroups of locations. Kose et al. (2003) do so in their study of cross-country aggregate growth rates. In our case, due to the micro dimension of the data, doing so would entail considering a total of six di¤erent components since it would add a regional macro and a regional micro components to the four previous ones. While this additional layer is potentially relevant, in particular in the study of economies made of several countries like the euro area, we deem such extension to be beyond the scope of the present paper.
Finally, the local microeconomic component of good i in ‡ation rate in location l, LI ilt , results from idiosyncratic unobserved factors summed-up in a component z ilt speci…c to a given good in a given location and described by:
A typical example of a factor a¤ecting this component would be a strike in a given sector and location.
The statistical innovations, t , lt , it , ilt , speci…c to each of the four components in prices are assumed to be mutually independent.
As in , each of the components in the panel of price dynamics is described by a speci…c univariate process. They allow for unrestricted dynamic multipliers for each of their two, i.e. aggregate and sectoral, components. We consider four distinct components but put more restrictions on the heterogeneity of the dynamics that we consider as we assume multipliers that are common either to every good-location pair A(L), or to every good in a location B l (L), or to every location for a given good C i (L).
As in Boivin et al. (2009) , individual in ‡ation rates are characterized by linear combinations of a set of common factors. Compared to them, we introduce a distinction between global and local common factors. However, we constrain our setup to a single factor to describe each dimension.
As a consequence, the factor loadings il , il and il are scalars which only re-normalize the same dynamics of each component in individual in ‡ation rates. Without loss of generality, we can thus normalize the average of the loadings to unity. Namely, letting n be the total number of goods and locations in the sample, and denoting n lji as the number of locations good i is sampled at and n ijl as the number of product items sampled in location l, we postulate that
Our setup allows us to recover estimates of the dynamics of each component from observed prices by applying simple averaging and di¤erence transformations as we detail in the next subsection.
Estimation
Under the model speci…cation described above, a consistent estimator of the unobserved global macroeconomic component in international prices is given by the average of individual in ‡ation 1 2 This amounts to re-normalizing the innovations of the univariate common factors of the statistical model. Indeed, one can always rewrite (1=n ijl )
lt with e l 6 = 1 and " lt = e l e " lt . The same applies to the terms (1=n lji ) P l il wit and (1=n)
rates over all goods and locations:
Moreover, considering the good speci…c and location speci…c price averages, it = 1 n lji P l ilt and lt = 1 n ijl P i ilt , estimators of the remaining unobserved components are then given by:
In the setup of the above model, these simple unobserved component estimators converge to the true ones up to a term that is perfectly correlated with u t for the local macro one, b v lt , and the global micro one, b w it , and up to a term that is a linear combination of u t , v lt and w it for the local micro one, b z ilt . 13 Given these properties, consistent estimates of the lag polynomials, due to common factors. 15 
What is the impact of the reference currency?
As already mentioned, we work with prices converted to the same currency. We thus consider the dynamics of international prices o¤ered to a representative consumer that can freely buy in any location worldwide goods priced in a single numeraire. Consequently, with the exception of the country of the reference currency, the adjustment to shocks we capture is a combination of the internal adjustment of domestic prices and the external adjustment through the exchange rate.
We now discuss how the choice of the numeraire a¤ects the estimation of the dynamics of various components of in ‡ation rates. We denote ilt the local currency in ‡ation rate of good i in location 1 3 Speci…cally, under the assumptions of the model, we have that b ut converges to E( ilt jt) = ut. Moreover, the following also holds:
l and s lt the (log) exchange rate of the local currency into the chosen reference currency, in our case the USD, so that ilt = ilt + s lt .
To start with, we note that the external adjustment does not show up in every component of individual in ‡ation rates. It is indeed not at stake in the dynamics speci…c to a given good item i. Indeed, by de…nition, the estimation of the global-micro component of in ‡ation does not depend on the reference currency since
with n i the number of goods items sampled. This also holds for our estimation of the local-micro component, which after simple algebra can be written as:
By contrast, estimates of macro factors do depend on the reference currency. Simple algebra makes clear that the estimate of the local-macro component in in ‡ation involves bilateral exchange rates with respect to the reference currency since it can be written as:
with n l the number of locations sampled. The impact of the external adjustment through the exchange rate increases with the extent to which the location-speci…c exchange rate, s lt , has a speci…c dynamic compared to the average one,
Changing the numeraire currency will change the reference with respect to which location-speci…c asymmetric shocks are de…ned, and the way prices respond to these shocks through the external adjustment mechanism. However, by de…nition, on average these idiosyncrasies in exchange rate dynamics will cancel out. Consequently, taking the average of the location-speci…c speeds of convergence to local shocks will give us an estimate of the average reaction of prices to local shocks due to the mere internal adjustment mechanism.
Likewise, the estimate of the global-macro component in price dynamics involves the exchange rate of the reference currency as it can be written as:
This term is thus a combination of factors that a¤ect local currency prices everywhere, and factors that have an e¤ect on the exchange rate of the numeraire currency relative to every other currency.
Put di¤erently, aside of local price reaction to global shocks, this price component captures the exchange rate reaction to shocks that are speci…c to the country of the numeraire currency. If this second component dominates in the global price average, then changing the numeraire might a¤ect the dynamic property of this term.
In the empirical analysis we start by using the US dollar as the numeraire currency. So, aside of global shocks a¤ecting local prices everywhere, the global component is a¤ected by shocks that are speci…c to the dollar, for instance US monetary policy shocks. This is a natural choice to make: given the key role of the US dollar in international transactions, shocks that a¤ect the dollar exchange rate worldwide can be considered as global shocks. However, we also check that this particular choice of the reference currency, hence US speci…c shocks, does not drive our results regarding the dynamics of the di¤erent price components, by considering other numeraire currencies.
Estimation results
In this section, we …rst present some properties of the four components in international prices recovered from the estimation of the model presented above. We emphasize the persistence of the global components in comparison to the local ones. We then show that this persistence of the global shocks is robust to several modi…cations in the estimation method including treating the euro area as a unique entity, considering di¤erent numeraire currency, averaging prices for the items that are observed in di¤erent stores of the same location, running the analysis at the city level rather than country level, and excluding the years of the Great Recession. Table 3 presents some characterization of the four components in micro price in ‡ation rates observed over the 1990S1-2010S1 period allowing each component in prices to follow an AR(4) process.
Persistence and volatility properties of the four components

In ‡ation average and time variance
The …rst column of Table 3 presents the average in ‡ation associated with each of the four com-
, as well as some measure of their crosssectional dispersion. The average global in ‡ation rate amounts to 1.42% per semester over the sample period. The table underlines substantial heterogeneity in the average in ‡ation of the various global micro components, as well as of the various local macro and micro components. In particular, some goods but also some countries exhibit negative (USD) average in ‡ation over this period of 20 years. There is more heterogeneity across the global micro components than across the local macro and micro components.
The second column of Table 3 reports the standard deviation over the period for the four price components, ( GA ilt ), ( GI ilt ji), ( LA ilt jl), and ( LI ilt jil). The results show that the volatility of the local macro and micro price components dominates as it their average standard deviation is about two to three times greater than the average standard deviation of the respective global components.
Moreover, as we can see in Table 3 , for the typical good-location couple, local micro shocks are more volatile than local macro shocks consistent with Boivin et al. (2009) . These average …gures conceal substantial heterogeneity of the volatility of the di¤erent components across goods and locations. This cross-sectional heterogeneity is larger for the micro components and in particular for the global one, than for the macro components.
Persistence of the four components
We now turn to the persistence characterizing each of the components which is reported in the third column of Table 3 . The measure of persistence presented here is the sum of the coe¢ cients characterizing the dynamics of each of the components, namely A(1), B i (1), C l (1), and D il (1) obtained from our estimation exercise. As we can see from this third column, the global macro component of the in ‡ation rate exhibits the greatest persistence, thus measured, with a value of 0:42 followed by the global micro component with a mean (median) persistence of 0:10 (0:12).
The two local components exhibit a lower degree of persistence with a mean (median) of 0:14 ( 0:099) for the local macro and 0:28 ( 0:19) for the local micro. Moreover, we note that there is a substantial amount of heterogeneity of the persistence parameters across goods and locations, the heterogeneity being more pronounced for the local micro component.
Response of prices to global and local shocks
The fact that the persistence of the e¤ects of a shock to the various components in international prices di¤ers signi…cantly from each other is further illustrated in Figure 1 . More speci…cally, the …gure plots the median impulse response function (IRF) of prices to an innovation in each price component: global-macro, global-micro, local-macro, and local micro. The data used to produce these …gures cover 59 countries and 276 goods over the 1990S1-2008S1 period. 16 As we can see, the median IRF of prices to an innovation in the global macro component portrays a permanent response, while the price response to each of the other components eventually reverts to zero.
Moreover, as we can see in Figure 1 , it takes longer for prices to reach their long-run value in response to an innovation in the global macro component as compared to the time it takes to reach their long-run value (zero in this case) in response to any of the other components. We also see that it takes longer for prices to reach their long-run value in response to an innovation in the global micro component as compared to the time it takes to reach their long-run value in response to innovations in either the local macro or the local micro components. Finally, prices are characterized by a comparable response to innovations in the local macro or micro components.
Overall, it clearly takes prices longer to respond to global than to local shocks.
The last column of Table 3 reports a measure of the speed of adjustment in the response to shocks in each of the four components. More precisely, the measure is the share of the long-term adjustment (that we assume is reached 12 semesters after the shock) completed over the …rst two years following a shock. Namely, letting IRF(h) being the price response to a shock h periods after it occurred,
. This measure ranks the global shocks as more persistent than the local ones. More speci…cally, 39% of the long-term response to a global macro shock is completed over the …rst two years following the shock, while the ratio equals 57% in response to a global micro shock. The speed of adjustment is faster for the local shocks with 70% (79%) of the long-term response to a local macro (micro) shock completed after two years. Thus, the convergence speeds associated with the global macro, global micro, local macro and local micro components are faster as we descend from the former to the latter.
The reaction of prices to macroeconomic shocks is often discussed in order to assess the e¤ectiveness of monetary policy. However, the shocks that we consider in this section are non structural and thus the results do not exclude the possibility that prices could react rapidly to some global shocks and in particular to monetary policy shocks. In Section 5, we address this issue by looking at the response of prices to both global and local structural monetary shocks. Before that, we consider a number of robustness checks of our main result of the current section that global components in prices are more persistent than local ones.
Robustness
We now check that the ranking of the persistence of the di¤erent components is robust to several changes of sample and numeraire. Results are reported in Table 4 . In Table 4 , with the exception of column (7), we consider again countries rather than cities for comparability to the previous literature investigating macro shocks at the national level, and in line with the fact that monetary policy is typically undertaken at the national rather than city level. In addition, in columns (1) and (2) of Table 4 , we treat the EMU as a single entity since EMU nations do not undertake independent monetary action. Thus, we restrict our sample to 49 countries, capturing the EMU entity by Germany in column (1) and by the EMU average in column (2) . In e¤ect, this restricted sample treats Euro area countries as a single entity. Even though we do not exactly identify monetary policy shocks in Table 4 , accounting for the fact that some locations do not exercise independent monetary policy ensures that our local macro shocks will be more closely related to monetary shocks than otherwise.
As compared to the 59 country sample in Table 3 that includes all available EMU nations, persistence estimates are not that di¤erent: persistence associated with the global macro shock remains at 0:42, while the persistence measure value for the global micro is 0:106 as compared to 0:104 in Table 3 . Moreover, the persistence estimates associated with the local macro and local micro shocks are almost unchanged: these are respectively equal to 0:144 and 0:299 in column (1) of Table   4 as compared to the respective values of 0:139 and 0:283 in Table 3 . Finally, considering an average over EMU nations rather than capturing the EMU entity using Germany, does not really a¤ect the results as can be seen in column (2) of Table 4 .
Next, we consider the issue of converting prices to a common currency other than the US dollar.
More speci…cally, in columns (3) and (4) of Table 4 we consider the conversion of local currency prices into British Pound and Yen prices respectively. Using the British Pound, persistence estimates of prices in response to the di¤erent types of shocks and their relative ranking are similar to those in Table 3 that utilize the US dollar. As we can see in column (3) of Table 4 , persistence associated with global macro and global micro shocks equals 0:35 and 0:148 respectively, as compared to 0:42 and 0:104 for the respective persistence estimates in Table 3 . The persistence estimates associated with the local macro and local micro shocks are now closer to each other than previously, with values respectively equal to 0:185 and 0:233 as compared to the respective values of 0:139 and 0:283 in Table 3 or to estimates reported in columns (1) and (2) of Table 4 . Overall, the ranking in terms of the relative persistence of global macro, global micro, local macro, and local micro shocks does not change.
Persistence estimates based on the Japanese Yen reported in column (4) of Table 4 are very similar to those based on the British Pound reported in column (3) for the global micro, local macro, and local micro shocks: persistence estimates are respectively equal to 0:138; 0:169; and 0:257 as compared to 0:148; 0:185; and 0:233 in column (3). However, persistence associated with the global macro shock is now very fast, at 0:01, and spectacularly di¤erent than what we got previously based on the British Pound or the US dollar. As discussed earlier, conversion to the same numeraire currency introduces to the global price component (i) the external adjustment to shocks via the exchange rate, and (ii) shocks speci…c to the reference currency country. When these happen to dominate the internal adjustment of domestic prices to the global macro shock, estimation of the speed of price adjustment to that shock is not robust to the choice of reference currency. In this case, the global component appears to be a¤ected by shocks that are speci…c to the Japanese yen.
The EIU samples only one price per good per type of store in a given city and period, which could lead to measurement error if this single price is used as the basic unit of analysis. To alleviate this source of measurement error, we now average prices across types of stores for a given good, city, and time period, which is possible since prices are available for two types of stores for most goods as shown in Table ( and :28 in Table 3 . As we can see, while the persistence associated with the global and local macro components is virtually unchanged, the global and local micro components are now more persistent than in Table 3 .
To more closely consider the issue of measurement error, in column (6) of Table 4 we restrict the sample to only goods with two available observations and consider the average price for each such good. This restricts the sample to only 100 distinct goods. The persistence values associated with the global macro, global micro, local macro, and local micro shocks in column (6) of Table 4 Table 3 . These results suggest that the only important change relative to Table 3 , is the increase in persistence of the global micro component when we restrict the sample to goods with two averaged observations. Next, we consider city-level analysis for the complete sample of locations, exploiting the full spatial dimension of our dataset across 88 cities in 59 di¤erent countries. In column (7) of Table 4 , we show that the persistence values associated with the global macro, global micro, local macro, and local micro shocks are respectively equal to 0:42, 0:106, 0:104, and 0:31 which are similar to the respective estimates (0:42, 0:104, 0:14, and :28) in Table 3 which reports estimates based on the same 59 countries, averaging prices for each good across cities for countries with more than one city price observation. Once again, the relative ranking of persistence estimates for the di¤erent components remains exactly the same.
Finally, in column (8) of Table 4 we consider the time period 1990-2008S1 before the onset of the Crisis, for comparability to the IRFs shown in Figures 1, 2 and 3 that also omit the Crisis period.
The persistence values associated with the global macro, global micro, local macro, and local micro shocks are respectively equal to 0:598, 0:16, 0:14, and 0:32 as compared to the respective estimates of 0:42, 0:104, 0:14, and :28 in Table 3 which shows results based on the time period 1990-2010S1. While local components are relatively unchanged, the two global components are associated with more persistence as compared to results based on the complete sample period that includes the Crisis. This suggests that the Crisis era might be regarded as a global tendency for reversion to the mean for these components, associated with reduced persistence. Yet again, the relative ranking of persistence estimates for the di¤erent types of components remains the same.
Price response to structural monetary shocks
In this section, we investigate the following three questions. First, we assess whether di¤erences in the persistence of the global and local components documented above stem from di¤erences in the response of prices to the various shocks underlying them or from di¤erences in the nature, and in particular in persistence, of these underlying shocks. We answer this by identifying the response of prices to unpredictable global and local monetary shocks using structural VARs. In this analysis, we consider that US monetary policy has a leading impact on liquidity supplied worldwide and can thus be seen as a global monetary shock. This assumption is also convenient to compare our results with previous studies which investigated the response of US sectoral prices to a US monetary policy shock. Second, we look at how our global shock, i.e. US monetary policy, a¤ects the US local speci…c component of price dynamics. The answer is obtained as a subcase of the previous SVAR exercise and allows us to compare our results with the recent studies investigating the e¤ect of US monetary policy on US sectoral prices. Third, we study the persistence of macro and of micro components when one does not separate their global and local components as has been done in related previous studies of the US economy.
Price response to global and local monetary shocks
We …rst show that the di¤erences in the persistence of price components documented in the previous section is also related to prices reacting di¤erently to di¤erent types of shocks. More precisely, we investigate the response of prices to two types of unpredictable structural shocks: a global monetary shock and a local one. Those two shocks are identi…ed by means of structural VARs.
The global monetary policy shock is identi…ed as an unpredictable increase in the US Federal Fund rate controlling for current US output growth, oil prices, global in ‡ation and US speci…c in ‡ation.
Local monetary policy shocks are identi…ed as an unpredictable increase in the money market short term interest rate of each country in the sample, controlling for current local output growth and local in ‡ation as well as for the US growth rate, the global in ‡ation rate and the average short term interest rate as a way to take into account country speci…c monetary policy reactions to these global variables. Data are obtained from the IMF. The need of money market interest rates restricts our sample to 41 countries. We consider the years of the Great Recession as an outlier in our sample and thus focus on the pre-crisis period of our sample, that is 1990S1-2008S1. and then tend to revert to their original level reaching that by the 7th period. We note that the two monetary shocks (local/global) that we identify both lead to a transitory increase of comparable length of the federal funds rate. Thus, we can state that our local/global IRFs show that (i) the reaction of prices to a transitory increase in the local interest rate is transitory, reaching a peak after 4 periods and then starting to go back to its initial value, and not as persistent, while (ii) the reaction of prices to a transitory hike in the global (US) interest rate is very persistent and comparable to that shown in previous work. Boivin et al. (2009) found that US sectoral prices react slowly to US macroeconomic (typically monetary policy) shocks. 17 We underline that, for the average country, the persistence is due to global and not country speci…c macroeconomic shocks. The two results can be reconciled as US to the US, hence global, monetary policy shock we identi…ed in the previous subsection. As the 1 7 In their own words, their "main …nding is that disaggregated prices appear sticky in response to macroeconomic and monetary disturbances, but ‡exible in response to sector-speci…c shocks"and that "many prices ‡uctuate considerably in response to sector-speci…c shocks, but only sluggishly to aggregate macroeconomic shocks such as monetary policy shocks". This result has in turn spurred a debate on what theoretical model of price-setting could rationalize such di¤erent response of individual prices to di¤erent types of shocks. …gure shows, the US speci…c price reaction to this US monetary policy shock is only slightly more persistent than the reaction of the average country to its domestic monetary policy shocks. We can thus conclude that the reaction of US prices to the US monetary shock previously identi…ed is mostly related to the reaction to the global component of prices worldwide.
Relevance to the existing literature
We also need to address the concern that our results could be due to our methodology implying lower persistence of US speci…c macro components as compared to previous studies. This is not the case as results in Table 5 indicate. To start with, as we can see from the …rst panel of Table 5 , the local macro component for the US using our methodology is much more persistent than that for the average country in our sample, which can then reconcile our results with previous work.
Our persistence measure for the local macro component for the US in Table 5 is 0:35 as compared to 0:14 for the sample average shown in Table 3 . The local macro component for the US is also much more persistent than the local micro component for the US. The persistence measure for the latter is shown to be 0:24 in Table 5 , in-between the sample mean and median shown in Table 3 .
We go further by implementing a decomposition of prices in our sample into two components, a macro and a micro one, and looking at their properties. 18 The second panel of Table 5 gives the results we obtain for the US. We obtain a persistence of the macro component of US aggregate Table 5 , and also in line with these previous studies, we can see that the macro component for the US is way more persistent than the micro component for the US which is associated with a persistence value of 0:05.
Finally, the last panel of Table 5 gives the results we obtain when one applies the mere macro/micro decomposition to the whole sample of countries. It shows that, unlike that for the US, the macro component for the average country ( 0:02) is not persistent. The micro component for the complete country sample is even less persistent ( 0:18). The lower persistence of both the macro and micro components in the average country compared to the US stems from the fact that local components are much more volatile in the average country than in the US. Hence, this aggregation conceals the properties of the global components much more for the average country than for the US. 1 8 We consider a price dynamics model given by ilt = a il A ilt + S ilt , instead of our four component model introduced in Section 3. 1 9 They show that sectoral prices react rapidly to US sectoral shocks and sluggishly to US macro shocks, arguing that as the latter account for such a low share of sectoral price variance it is not surprising to observe sectoral prices that on average adjust rapidly. In their setup, a macro shock is common to every sector in the US, potentially encompassing a shock common to every country worldwide (our global macro shock) and a shock speci…c to the US (our local macro shock). Likewise, their sectoral shock can be made of a worldwide sectoral shock (our global micro shock) and a US sector-speci…c one (our local micro shock). Our results on the di¤erential response of prices to di¤erent types of shocks extend these papers to a global environment. More speci…cally, our work points to the importance of disentangling global and local components to understand price dynamics. No study of micro price levels has looked at this global/local decomposition of micro and macro shocks. 20 Our results suggest that the global versus local distinction is crucial in order to uncover the reaction of prices to di¤erent types of shocks. They also suggest that distinguishing between global and local components is useful in discriminating between di¤erent models of price setting. According to these results, price setting models should be able to rationalize di¤erences between the price response to global versus local shocks that are more pronounced than between macro and micro shocks. conditions was greater than the one associated with monitoring local ones, in the same manner (but more strikingly so) in which the relative cost of observing macro conditions is normally assumed to be greater than the one associated with monitoring micro ones. Another possibility would be to rely on labor market segmentation arguments, in the spirit of Carvalho and Lee (2011), with segmentation being greater between countries than within them in the same manner (but more strikingly so) that labor segmentation is greater across sectors than within sectors. We exploit this theoretical possibility in the next section.
Theoretical Interpretation
We now illustrate how theoretical models of price setting can explain the relatively slow adjustment of prices to global shocks and their relatively fast adjustment to local shocks. We rely on labor market segmentation arguments in the spirit of Carvalho and Lee's (2011) multi-sector model. prices. Le Bihan and Matheron (2012) show, using French data, that the sectoral price reaction to macro shocks help closing the gap between the persistence of sectoral in ‡ation and the sectoral average frequency of price updating.
2 0 The related literature on global shocks has found a large common component in international aggregate in ‡ation indices in OECD countries (Ciccarelli & Mojon, 2010) or in disaggregated in ‡ation at the CPI product level in OECD countries (Monacelli & Sala, 2008) . As compared to these, we use a large number of micro-prices and global locations to further decompose the common component into macro and micro global components, stressing that the micro part accounts for a greater share of in-sample variance.
More speci…cally, we consider the price reaction to two types of demand shocks, a global and a local one, in a stylized multi-country version of the basic New-Keynesian sticky price model with cross-country labor market segmentation. 21 Labor market segmentation across countries makes a …rm's marginal cost depend on its relative price: a higher relative price implies lower demand for the country's output which translates into lower demand for the country-speci…c labor input and lower wage and marginal costs in that country. 22 As we illustrate below, the negative dependence of a …rm's marginal cost on its own country price level and positive dependence on the global price level, produces a strategic substitutability in price setting within countries and a strategic complementarity in price setting across countries.
These di¤erences in strategic interactions generate a price adjustment in response to global shocks that is slow in comparison to the price adjustment in response to local shocks.
Economic structure
The economy is made of a …nite number of countries indexed by l 2 f1; 2; :::; Lg. There is a continuum of agents indexed by i 2 [0; 1] with each agent consuming all goods produced in the L countries, while producing a di¤erentiated good item i in one of the L countries and specializing in the supply of a single type of labor in the country they reside in. We denote I l the set of agents in country l and n l = R I l di the measure of goods produced in each country l so that P L l=1 n l = 1. For simplicity, we assume that each country has the same size n l = 1=L. Benigno (2004) , goods are traded across the L countries with zero trade cost and prices for the …nal goods are set taking into consideration all L markets so that the law of one price holds: prices for the same good are the same across all L countries. There is an equal number of agents in each country and each agent specializes in the supply of only one type of labor in the country they reside in without the possibility of migrating to an other country. Moreover, there exist complete …nancial markets where perfect risk sharing occurs so that there is full consumption insurance across countries, with …rm pro…ts redistributed lump-sum to households. 2 1 Woodford (2003) Ch. 3 section 2.5 points to the link between multi-country and multi-sectoral New-Keynesian models. In addition to labor market segmentation, Carvalho and Lee's model also features input-output linkages, endogenous monetary policy, and aggregate preference shocks as well as aggregate and sector speci…c technology shocks. We do not include all these ingredients in this illustrative version to keep the argument of why prices react di¤erently to di¤erent types of shocks as simple as possible. 2 2 Without labor market segmentation, workers migrate out of countries where …rms o¤er a relatively lower wage leading to a drop in labor supply hence upward pressure on wages in these countries.
As in
Households
The household maximization problem is described by
subject to a budget constraint given by
where is a subjective discount factor, ' is the inverse of the elasticity of labor supply, C t denotes the aggregate consumption index, N lt is the labor supply of a household residing in country l which o¤ers disutility as described in the above function, W lt is the wage rate in country l, lt (i) are nominal pro…ts for …rm i in country l resulting from the …rm's optimization problem described below and taken as given in the constrained household maximization problem described above, Q t;t+1 is the nominal stochastic discount factor, and B t+1 is a one-period internationally-traded state contingent bond consistent with complete asset markets within and across countries.
The above household maximization problem gives the following two …rst-order conditions:
and
We note that, as the labor market for each country l is segmented, labor supply and the wage rate can di¤er across locations and are thus indexed by l, while perfect risk sharing across all states of nature implies that consumption, C t , is identical in all countries l.
The consumption index C t that enters the utility function of each household is a CES aggregate of
with the elasticity of substitution between consumption composites produced in di¤erent countries, and D lt a relative demand shock that satis…es D lt > 0 and P L l=1 n l D lt = 1 so that the variation in the D lt is a shift in the relative demand of the L …nal goods and represents a single shock each period. The sub-indices, C lt , are themselves CES aggregates of the continuum of di¤erentiated goods produced in each of the L countries, namely:
for l = 1; 2; :::; L , with the elasticity of substitution between consumption varieties produced within country l. 23 The minimum expenditure of obtaining one unit of the consumption composite C t is given by the overall price index
; and, similarly, the minimum cost of obtaining one unit of the composite good C lt produced in country l is
Given zero trade costs, country l's output is sold at the same price, P lt , in all L countries.
Given C t , P lt and P t , the optimal demand for country l's composite good which minimizes total expenditure P t C t subject to the constraint given by equation (1) is
Then, given the decision on C lt , the optimal allocation of demand in country l across the various di¤erentiated goods which minimizes expenditure P lt C lt subject to the constraint given by equation (2) is
for each good i in country l.
Firms
Firms are assumed to use country-speci…c labor as the only input to production. More speci…cally, the production function for a good item i produced in country l takes the simple linear form 24
Price-setting is staggered so that a fraction of prices remain unchanged each period whereas the remaining 1 …rms adjust prices, with the probability that any given price will be changed in any given period given by the latter constant fraction irrespective of how much time has elapsed since the last price was set. 25 Thus, country l's price level evolves according to
; 2 3 One could extent the model to the case where this elasticity between varieties within a country di¤ers from the one between consumption composites across countries, as in Carvalho and Lee (2011). 2 4 We could easily extend the analysis to a production technology a¤ected by both worldwide and country-speci…c technology disturbances. 2 5 We could also consider Calvo parameters, l , that di¤er across countries, as Carvalho and Lee (2011) do for di¤erent sectors.
where P lt is the optimal price chosen by all …rms in country l who can reset their price at date t.
Firms that adjust their prices in period t maximize expected discounted pro…ts
where Q t;t+s = s Ct C t+s Pt P t+s is the stochastic discount factor between periods t and t + s, and
is the nominal pro…t of …rm i in country l at t + s given that the price chosen at t is still being charged. The …rst order condition of the …rm's problem is:
where the marginal cost of country l's …rms is M C lt+s = W lt+s .
Equilibrium
At the equilibrium, the households optimality condition and budget constraint as well as …rms optimality condition are satis…ed. Moreover, the following market clearing conditions for respectively the asset market, the goods market, and the country speci…c labor market also hold:
We close the model by an assumption on nominal demand which is assumed to be determined exogenously by the money supplied globally
6.5 Log-linear approximation and solution
As usual in this literature, we consider a linearized version of the model around a zero in ‡ation symmetric steady-state. 26 2 6 The symmetry of the steady state is ensured by the assumption of equal size of every country and that there are no long-run di¤erences in country speci…c labor productivity.
As usual, the log-linearized approximation of the model leads to the following country price dynamics equation:
where we use the usual notation convention of lowercase letters for the log of the corresponding uppercase letter variable (expressed in deviations from the steady state). This equation shows that price adjustment at the country level is a function of the probability of updating a price, and the reaction of the marginal cost mc l to the shocks. The …rst parameter obviously does not depend on the type, global or local, of shocks. However, this is not the case for the marginal cost. Indeed, global and local shocks, move the relative price of …rms updating their price di¤erently. Hence, when labor markets are segmented across countries, the two types of shocks produce a di¤erent impact on local wages, hence a di¤erent price adjustment to each type of shock.
More speci…cally, and as Carvalho and Lee (2011) show, in our case the price dynamics at the country level veri…es:
with 0 < 1 < 1 < 2 the roots of the characteristic polynomial:
In reaction to a positive local demand shock, d lt > 0, local producers who can update their prices increase them. There is then an "expenditure switching" e¤ect: the relative price of local …rms who do not update their prices decreases, which increases the demand for their varieties and thus drives the local wage up. Firms which update their price, factor in this increase in their marginal cost and react by augmenting their prices by an even greater amount. So the reaction of marginal cost to local shocks contributes to speed up price adjustment.
The transmission of global shocks involves the reaction of the global price level p. In reaction to a positive global demand shock, m t > 0, producers who can update their prices increase them in every location, which thus increases the global price level. However, price staggering makes this increase in the global price level lower than it would be under perfect price ‡exibility. Had other …rms adjusted their prices upwards in response to this shock, this would have reduced the relative price of the initial non-adjusters thus increasing their relative demand leading them to produce and sell more and thus demand more labor which would then increase the country speci…c wage for …rms in the same country, inducing them to increase prices. Thus, to the extent that other …rms do not adjust their prices upwards in response to a positive global demand shock, a …rm will have less of an incentive to increase its price as compared to the scenario just described. The positive dependence of country level price dynamics to the global price level contributes to slow down the reaction of marginal cost hence prices in reaction to global shocks.
Note that the intuition o¤ered here is entirely analogous to the intuition in Carvalho and Lee (2011) albeit for the fact that they consider within sector and across sectors pricing interactions rather than interactions within and across countries. Price staggering is an essential feature here, since the fact that some prices are not yet adjusted in response to a global shock leads to a smaller change in the prices of those …rms that do adjust in that period as compared to the case of price synchronization, and this in turn restrains the adjustment in a later period of the prices that were sticky in the earlier period.
Conclusion
We have used a unique global microeconomic dataset of semiannual prices observed over two decades ending in March 2010, to consider how fast prices respond to di¤erent types of shocks. Previous work has emphasized the di¤erence between the reaction of prices to macro and micro shocks.
We have shown that macro shocks are not all alike and that di¤erent types of micro shocks do not necessarily resemble each other either. More precisely, we have emphasized the distinction between global and local shocks, and found that for both macro and micro shocks alike, global components are associated with much more price persistence than local ones. The di¤erence is much more striking when decomposing between global and local shocks rather than merely considering macro versus micro shocks. Finally, we have shown that the di¤erences in the persistence of price components we …nd is also related to prices reacting di¤erently to di¤erent types of shocks. For example, we …nd that the speed of adjustment of prices to global monetary shocks is slower than the speed of adjustment to local ones.
Our …ndings support price-setting models that can explain di¤erences in the speed of adjustment of prices in response to global versus local shocks, where local shocks are associated with faster adjustment than global ones. This new fact points towards the need of developing price-setting models with an international dimension. Geography could matter due to a higher degree of labor market segmentation across as compared to within locations, as in the theoretical model we have constructed in the previous section.
Overall, our work is suggestive of price-setting models consistent with fast price adjustment in response to local shocks and persistent price e¤ects of international shocks. Dynamic price-setting models have typically been constructed in a closed economy setting, which is understandable in as far as, until recently, there had not been as much evidence for prices responding di¤erently to international as compared to local shocks. Our paper provides evidence that this is actually the case, pointing to the need for further research in open macroeconomy dynamic price-setting models that can rationalize di¤erences in the speed of adjustment of prices in response to di¤erent types of international and local shocks.
A Data
The discussion below has bene…tted greatly from systematic direct communication with the EIU o¢ ce over the past few years, and in particular, from the insights and detailed explanations o¤ered to us by Jon Copestake, Editor of the Worldwide Cost of Living Surveys.
Selection of stores and goods
Considerable care is taken by the EIU team to assess accurately the normal or average prices international executives and their families can expect to encounter in the cities surveyed. Survey prices are gathered from three types of stores: supermarkets, medium-priced retailers and more expensive specialty shops. Only outlets where items of internationally comparable quality are available for normal sale are visited. While the majority of cities provide a wide selection of goods and stores at di¤erent price levels, this range narrows considerably at several locations. In some cities the entire range of prices has to be collected at the few stores where goods of internationally comparable quality are found. Local markets and bazaars are visited only if the goods available are of standard quality and if shopping in these areas does not present any danger.
For certain items like monthly rent and clothing, there are many subjective factors, questions of personal preferences and taste at play, as well as a wide variety of choice. Therefore, price data given for certain items should be considered to be merely an indication of the general level of prices in these categories. In general, the degree of comparability across locations is high but varies with the general availability of goods in a given city. Given that the survey takes place in 140 cities worldwide, it is not always the case that an identical product is taken in all cities for all items. For example, it is more likely that while London has a quality Burberry raincoat available, Brussels does not have the same item or brand and the correspondent has taken a price based on the designer raincoats that are available. For such products, prices will re ‡ect the general availability and local demand conditions in a location. Given these concerns, one would want to consider subsamples that exclude products likely to be less homogeneous across locations. The latter category includes pretty much all clothing items, automobiles, and a number of other products. As a result, we felt the need to create a sub-sample of goods that are more likely to be comparable across locations. This restricted sample of homogeneous goods excludes more than one third of our complete sample of goods and services, such as "Women's raincoat Burberry type", "personal computer", "family car", and "Furnished residential apartment: 1 bedroom, moderate". However, convergence rates obtained (not reported in the Tables) based on this more highly comparable sub-sample of goods are very similar to what we obtain when using the full sample of goods and services.
The price range presented in the survey utilized in the current study is for supermarkets or chains, and for mid-priced outlets. The EIU takes one representative price per store, sampling only one price from each of two type of stores, and generally surveys two stores per item for most products.
As shown in Table 1 , we use 100 distinct products that are reported at both a supermarket (or chain) and a mid-priced store and an additional 76 distinct products and services that are only sampled once, for a total of 276 price observations in each location and year.
In all cases, the EIU aims to keep the same stores and the same brands and sizes in obtaining the price for each item, so as to ensure ongoing consistency between surveys in each location. Store and product consistency has been an aim of the survey since its inception. The aim of sampling the same stores has remained consistent and the ability to do so has varied based on speci…c events in certain years relating to availability or speci…c situations a¤ecting correspondents, like being refused entry to a store under new management. However, such consistency depends on and varies within individual markets. The surveyors seek to keep to the same stores, brands and weights between surveys. However, given that the survey takes place simultaneously in 140 cities over a period of twenty years, there may be substitutions or changes. This can occur in an evolutionary sense as certain brands or stores or sizes overtake others as the popular interpretation of a particular item changes over time. Alternatively, there may be sudden changes in brand, store or item based on availability in the market during a particular period. For example, a store may close and a certain brand may become temporarily or permanently unavailable. In these cases, substitutes are sought to re ‡ect the price of obtaining the item in question at that particular time. This is more common in less developed markets where availability and price can ‡uctuate on a day to day basis, but even mature markets are prone to pricing or availability shocks and other changes of this kind especially over longer periods. We note that while the BLS adapts its basket of goods regularly and also changes the weighting system based on consumption trends, the EIU seeks to be more generally representative and has for the most part not changed in this manner, in an attempt to ensure a consistent dataset of like for like products going back over time.
The general conclusion from the discussion in this sub-section is that the EIU city-level prices are highly comparable across both space and time, and are thus suitable for the study of LOP deviations and their evolution over time. That is, one can use these prices to understand both the degree of market segmentation at any given point in time, and the process of market integration over time. The data appear less suitable for overall cost of living comparisons across locations since the goods sampled do not necessarily re ‡ect local preferences as much as the shopping basket of executives and other multinational employees and their families.
Sampling, seasonality, and sales
The …eldwork for the Worldwide Cost of Living Surveys is carried out on location by the EIU researchers during the …rst week of March for the Spring edition and during the …rst week of September for the Autumn edition. These data was especially compiled for us, since the standard historical data in the "cityprices" EIU publication is only available at the annual frequency. Since the data overwrites old data each year, the standard data typically made available historically by the EIU is September data. There are two types of exception to this. First, are cities surveyed annually and only in March. These are: Baku, Bratislava, Calgary, Douala, Harare, Port Moresby, San Juan, and Tunis. For these cities, data is gathered since 2001 during the …rst week of March. Second, are cities where there are problems or delays in gathering data. These are individual cases and are not tracked, but it would generally be the case that such data is still gathered within a month or two, so that prices can still be relevant and comparable to other cities. Moreover, no such lags are allowed in high in ‡ation locations.
The March and September dates for gathering data are speci…cally designed to avoid standard sales seasons, like traditional sales in December, January, May and June which take place in many countries. Correspondents are instructed not to take sale prices for items, but to take standard recommended retail prices. There is an element of common sense here as well though. That is, correspondents may take sales prices for general promotions if they feel the price re ‡ects the "true worth" of an item. This might be the case for some items since retailers commonly use tactics of promoting an item by describing it as on "sale" when in fact they have previously arti…cially in ‡ated the retail price of the item in order to later reduce it to a more reasonable price and make consumers think they are purchasing a bargain. This is true of items like CDs, wine, certain fresh food items, and other consumer goods. A few adjustments of the survey prices have been made in some cases where seasonal discount sales and changes in brand names, package sizes, and quality would have unduly distorted the index results. This procedure is limited to cases where it would not entail misrepresentation of actual prices in the EIU team's judgement.
The conclusion from the above paragraph is that the astonishing price di¤erences for speci…c items across cities observed by the EIU team, are not due to sales or discounting, as the EIU does not seek to include such seasonal data in the price survey.
Reliability of data
Given the above discussion, we have opted to be extremely conservative in removing entries that at …rst might appear to be price outliers. Moreover, we never opt to adjust prices for what might at …rst appear to be "obvious"mistakes, like misplacing a digit or otherwise using a wrong unit, or misplacing part of a price entry in previous or subsequent entries. In this respect, our treatment of the data is very di¤erent than Crucini and Shintani (2008) .
We opted to treat the data as a rather reliable representation of actual prices since in our discussions with the EIU o¢ ce it was convincingly explained to us that specifying for instance the price variance between surveys not to be less than half or more than twice the CPI rate would be an extremely narrow margin for highlighting outliers, as the EIU team has historically observed prices that regularly change by as much as four times or more the CPI rate, while other prices remain unchanged year after year or even move down. It was also explained to us, that every survey price is "sense checked"as it comes in compared to those returned six months ago and those returned one year ago. Sense checking is simply to ensure that prices look broadly comparable to those returned previously. However, the …nal prices reported in the EIU surveys are based on actual ones as returned from …eld correspondents in each city, and are never a calculation based on a ratio of expected price movement to reported in ‡ation levels. As a result, prices of individual items in the basket the EIU surveys can ‡uctuate wildly based on the basket snapshot that is taken.
For instance, a seemingly wrong but actually correct price entry comes from Casablanca in the case of bread. The …gures for years 1992 to 1995 seem to be missing the initial digit "1". This example of bread in Casablanca between 1992 and 1996 is a prime example of how EIU prices should be considered valid even if they look peculiar relative to general price trends. Between 1992 and 1995, Morocco su¤ered from a period of drought which caused three harvests to fail (1992, 1993, and 1995) . This had an impact on economic growth and prompted a recession. In response, the government will have extended price controls on staples. In the Moroccan diet, bread is considered to be the staple food of the poor and would have been the …rst and most heavily price-regulated item. Upon recovery and under external pressure the government pledged to relax such controls in 1996. In the case of the survey, we can clearly see this re ‡ected. Lower priced bread in line with the 1992-1995 prices may have been widely available before and after this period, but during this period shortages, economic stagnation, suppressed demand for more expensive consumer goods, and price controls may have meant that these were the only prices available for bread. This situation was recti…ed as Morocco emerged from this period. Similarly, many prices could be ‡agged in developing countries during times of instability as these experience massive ‡uctuations in prices dependent on localized supply and demand factors. Thus, the EIU suggests that users consider reasons why a particular price may deviate from expectation based on the political, social and economic market context, globally, nationally or at city level before removing a price entry.
Errors that emerge may be a currency issue where back-rates are recalculated to cater to currency redenominations caused by in ‡ationary spikes, or where devalued/alternative exchange rates are in operation. It is possible that some prices might be entered in a sub-unit of currency (e.g. in pence or cents) then reported in standard units (e.g. in pounds, euros or dollars). However, this is something the EIU generally seeks to rectify on a rolling basis. Still, the EIU cannot double-check many of the prices since the citydata feed automatically takes from the source …les. These are taken from surveys based on manually collected data by correspondents in each location. The price dataset is built as the accumulation of decades of data submitted from a variety of sources in a variety of formats. Any data collected before 1998, for example, would have been returned in paper format and manually input into the base …les eventually used, and the original paper versions have long since been disposed of. Thus, the EIU may only be able to check sources for items after 1998 but such a process would be time-consuming and unnecessary according to the EIU o¢ ce, since most of the price entries that appear at …rst to be errors are actually valid price entries.
Where a user has serious concerns, the EIU recommends removing a price rather than guessing at its original value. For instance, if we suspect that certain prices were simply misinput in error then this price would need to be removed from consideration as an outlier rather than tweaked into something resembling what it "should be". While it is completely valid that a tiny proportion of the reported prices may include errors, the vast majority of prices are arguably valid snapshots at the time of the survey and most prices that vary disproportionately with the CPI can be explained simply by looking at the context in which the prices were taken. Finally, even if all prices that move very di¤erently than the CPI were assumed to be errors, these would represent a proportion below 0.5% of the available data points.
Nominal exchange rate issues
Spot exchange rates are applied to the city data surveyed by the EIU, and are available along with the price data for each year. The post rates are FT rates taken on the Friday of the …rst week of each month of the survey. For the standard Cityprices data typically made available by the EIU, data overwrites old data each year, thus most of the exchange rate data supplied historically is September data except in a few instances where a city is only surveyed every March in which case prices and exchange rates are from the …rst week of March. The exchange rate reported is the spot rate for the survey date when the data was gathered.
For pre-1999 price series, the conversion from legacy currencies to euros is made using the appropriate legacy currency, i.e. Ecu exchange rates prevailing at the time. Like Eurostat, the EIU has chosen to use the Ecu exchange rates because there is no universally agreed methodology for calculating a synthetic euro exchange rate. One Ecu was worth exactly one euro when the euro was launched at the beginning of 1999. The EIU used the September end-period rate from Eurostat to convert the legacy prices. Although surveys were completed for Euro cities at slightly di¤erent times in September, the EIU applied a standard rate to maintain relative prices between cities and also maintain distances between published Cost of Living indices. D a ily lo c a l n e w sp a p e r (ave ra g e ) S im p le m e a l fo r o n e p e rso n (ave ra g e ) D ry c le a n in g , m a n 's su it (m id -p ric e d o u tle t) Ta x i ra te p e r a d d itio n a l k ilo m e tre (ave ra g e ) D ry c le a n in g , m a n 's su it (sta n d a rd h ig h -stre e t o u tle t) Ta x i: a irp o rt to c ity c e ntre (ave ra g e ) D ry c le a n in g , tro u se rs (m id -p ric e d o u tle t) Ta x i: in itia l m e te r ch a rg e (ave ra g e ) D ry c le a n in g , tro u se rs (sta n d a rd h ig h -stre e t o u tle t) T h re e -c o u rse d in n e r a t to p re sta u ra nt fo r fo u r p e o p le (ave ra g e ) D ry c le a n in g , w o m a n 's d re ss (m id -p ric e d o u tle t) Te le p h o n e lin e , m o nth ly re nta l (ave ra g e ) Table 2 : Cross-section distribution of log price average in ‡ation, standard deviation over time and persistence.
Prices are expressed in USD. The sample covers 88 cities in 59 countries and 276 goods over the 1990S1-2010S1 period.
The columns report the cross section distribution of good items i in the locations l for the time average of the in ‡ation rate E( ilt jil) (Average), the standard deviation of the in ‡ation rate ( ilt jil) (Std-Dev), and the persistence of the in ‡ation rate as measured by the sum of dynamic coe¢ cients of a …tted AR(4) model il (1) = P 4 h=1 il;h (Persistence). Table 3 : Cross-sectional distribution of the average in ‡ation, standard deviation over time and persistence of each of the four components in international prices.
Prices are expressed in USD. The sample covers 59 countries and 276 goods over the 1990S1-2010S1 period. The four components of prices are estimated as described in Section 3. For each of the four components of individual in ‡ation rates ilt , the columns report the cross-sectional distribution of the time average (Average), the standard deviation (Std-Dev) over the period, and the persistence as measured by the sum of dynamic coe¢ cients of a …tted AR(4) model il (1) = P 4 h=1 il;h (Persistence). In addition, the last column reports the convergence speed implied by our measure of persistence.
(1) Goods  278  278  278  278  178  100  278  278  Sample period 1990S1-1990S1-1990S1-1990S1-1990S1-1990S1-1990S1-1990S1-2010S1 2010S1 2010S1 2010S1 2010S1 2010S1 2010S1 2008S1   Table 4 : Robustness checks: Cross-section distribution of persistence under various speci…cations.
The table reports the persistence of the four components in prices when considering several modi…cations to the baseline case. Column (1): the sample is made of 49 countries, with euro area members other than Germany excluded. Column (2): the sample is made of 49 countries, taking the average across euro area members. Column (3): prices are converted into sterling pound. Column (4): prices are converted into Japanese Yen. Column (5):
prices of items observed in di¤erent types of stores in the same location are averaged. Column (6): the sample of goods is limited to averaged prices of items observed for more than one type of store in the same location. Column (7): the analysis is conducted at the city level. Column (8): the analysis is conducted over the pre-crisis sample. Table 5 : Cross-section distribution of price in ‡ation, standard deviation over time and persistence of the macro and micro components in international prices.
Prices are expressed in USD. The sample covers 59 countries and 276 goods over the 1990S1-2010S1 period. The columns report the cross section distribution of the time average (Average), the standard deviation (Std-Dev), and the persistence as measured by the sum of dynamic coe¢ cients of a …tted AR(4) model il (1) = P 4 h=1 il;h (Persistence) of various micro price components both for the US and for the whole sample of 59 countries. Local macro and micro components are estimated as described in Section 3. Macro and micro components subsume both local and global factors and are estimated as described in Section 5.
